Spinopelvic balance evaluation of patients with degenerative spondylolisthesis L4L5 and L4L5 herniated disc who underwent surgery  by Nunes, Viviane Regina Hernandez et al.
r e v b r a s o r t o p . 2 0 1 6;5 1(6):662–666SOCIEDADE  BRASILEIRA  DE
ORTOPEDIA E TRAUMATOLOGIA
www.rbo.org .br
Original article
Spinopelvic  balance  evaluation  of  patients  with
degenerative spondylolisthesis  L4L5  and  L4L5  herniated
disc who  underwent  surgery
Viviane Regina Hernandez Nunesa, Charbel Jacob Juniorb,∗, Igor Machado Cardosob,
José  Lucas Batista Juniorb, Marcus Alexandre Novo Brazolinob, Thiago Cardoso Maiab
a Universidade Vila Velha, Vila Velha, ES, Brazil
b Hospital Santa Casa de Misericórdia de Vitória, Grupo de Coluna, Vitória, ES, Brazil
a  r  t  i  c  l  e  i  n  f  o
Article history:
Received 26 September 2015
Accepted 8 November 2015
Available online 22 September 2016
Keywords:
Intervertebral disc degeneration
Spine
Spondylolisthesis
Retrospective studies
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Objective: To correlate spinopelvic balance with the development of degenerative spondy-
lolisthesis and disk herniation.
Methods: This was a descriptive retrospective study that evaluated 60 patients in this hospi-
tal,  30 patients with degenerative spondylolisthesis at the L4–L5 level and 30 with herniated
disk  at the L4–L5 level, all of whom underwent Surgical treatment.
Results: Patients with lumbar disk herniation at L4–L5 level had a mean tilt of 8.06, mean
slope of 36.93, and mean PI of 45. In patients with degenerative spondylolisthesis at the
L4–L5 level, a mean tilt of 22.1, mean slope of 38.3, and mean PI of 61.4 were observed.
Conclusion: This article reinforces the ﬁnding that the high mean tilt and PI are related to
the  onset of degenerative spondylolisthesis, and also concluded that the same angles, when
low,  increase the risk for disk herniation.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Avaliac¸ão  do  equilíbrio  espinopélvico  dos  pacientes  com  espondilolistese
degenerativa  L4L5  e  hérnia  de  disco  L4L5  submetidos  a  cirurgia
r  e  s  u  m  oPalavras-chave:
Degenerac¸ão do disco intervertebral
Coluna vertebral
Objetivo: Correlacionar o equilíbrio espinopélvico com o desenvolvimento de espondilolis-
tese  degenerativa e hérnia discal.
Métodos: Estudo retrospectivo de caráter descritivo, no qual foram avaliados 60 pacientes,
Espondilolistese
Estudos retrospectivos
30  portadores de espondilolistese degenerativa no nível L4-L5 e 30 portadores de hérnia de
disco no nível L4-L5, todos submetidos a tratamento cirúrgico.
 Study conducted at the Hospital Santa Casa de Misericórdia de Vitória, Vitória, ES, Brazil.
∗ Corresponding author.
E-mail: jcharbel@gmail.com (C. Jacob Junior).
http://dx.doi.org/10.1016/j.rboe.2016.09.003
2255-4971/© 2016 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora Ltda. This is an open access article
under  the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Resultados: Os pacientes portadores de hérnia de disco lombar no nível L4-L5 apresentaram
uma média da inclinac¸ão pélvica (TILT) de 8,06, da inclinac¸ão sacral (SLOP) de 36,93 e da
incidência pélvica (IP) de 45. Nos pacientes portadores espondilolistese degenerativa no
nível  L4-L5 foi observada uma média da TILT de 22,1, da SLOP de 38,3 e da IP de 61,4.
Conclusão: O presente artigo reforc¸a a descoberta de que as elevadas médias obtidas da
TILT  e da IP estão relacionadas com o surgimento da espondilolistese degenerativa e ainda
conclui que os mesmos ângulos, quando baixos, aumentam o risco para hérnia de disco.
©  2016 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora Ltda. Este e´ um artigo Open Access sob uma licenc¸a CC BY-NC-ND (http://
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Fig. 1 – Measurement of PT, SS, and PI. PT, pelvic tilt; SS,
sacral slope; PI, pelvic incidence. (a) Sacral plate; (b) linentroduction
umbar disc herniation is an intervertebral displacement of
he nucleus pulposus through the annulus ﬁbrosus; it occurs
ainly between the 4th and 5th decade of life, and it is esti-
ated that 2% to 3% of the population may be affected, with
 higher prevalence in men.1,2 In turn, degenerative spondy-
olisthesis is deﬁned as a slippage of a lumbar vertebra with
n intact neural arch, which occurs mostly in adults over 40
ears, with a predilection for females.3–5 Both diseases have a
ultifactorial etiology that may be associated with smoking,
edentary lifestyle, and obesity, as well as genetic predispo-
ition and anatomical changes.1,2,4,6 Spinopelvic balance has
een increasingly studied in degenerative diseases of the lum-
ar spine as an important factor in the development of these
iseases. Spinopelvic balance is the interaction of the spine
orphology with the pelvis, and directly impacts the mechan-
cal behavior of the discs, ligaments, and muscle strength.
hese mechanisms allow the individual to remain upright
nd move, minimizing energy expenditure.2,7–10 Currently, the
reatment of these pathologies is conservative; in cases with
reater symptom severity and lack of response to conservative
reatment, surgical treatment is indicated.2,11
Although diseases such as lumbar disc herniation and
egenerative spondylolisthesis are common in the population,
o studies that assessed and compared spinopelvic balance in
hese patients were retrieved from the literature. Therefore,
he authors conducted the present study in order to better
nderstand spinopelvic balance, the relationship of its biome-
hanics with the development of spondylolisthesis and disc
erniation, as well as to be able to make an early identiﬁcation
f patients at risk of developing these diseases. By understand-
ng spinopelvic balance, preventive measures or even better
reatment for these diseases can be developed.
ethods
his was a descriptive and retrospective study that evaluated
0 patients, 30 with degenerative spondylolisthesis at L4–L5,
nd 30 with disc herniation at the L4–L5 level, all of whom
nderwent surgical treatment. All patients were assessed by
umbopelvic radiography in proﬁle; magnetic resonance imag-
ng was also used for the diagnosis of disc herniation.
Inclusion criteria in group I were patients with lumbar
erniation at L4–L5 and refractory to conservative treatmentcreativecommons.org/licenses/by-nc-nd/4.0/).
after 20 physiotherapy sessions without instability criteria
observed at lumbar radiography. Group II included patients
with degenerative spondylolisthesis at the L4–L5 level, classi-
ﬁed according to Wiltse, Newman, and Macnab, with failure
of conservative treatment with physical therapy and medica-
tion for analgesia. Both groups of patients underwent surgical
treatment at Hospital Santa Casa de Misericórdia de Vitoria
(ES).
Exclusion criteria comprised patients with herniated disc
at other levels, those lost to follow-up, or those who did not
undergo surgical treatment. In group II, patients with other
types of spondylolisthesis, at levels other than L4–L5, or who
did not undergo surgical treatment were excluded.
To assess spinopelvic balance, X-ray imaging in orthostatic
position (Fig. 1) was used, in which the following could be ana-
lyzed: pelvic incidence (PI), through the intersection of the
lines that pass through the midpoint of both centers of the
femoral heads and the midpoint of the sacral plateau with
the line perpendicular to the sacral plateau; sacral slope (SS),
assessed through the intersection of lines parallel to the sacral
plateau and parallel to the ground; and pelvic tilt (PT), which
was assessed by the intersection of the lines that cross the
midpoint of both centers of the femoral heads and the mid-perpendicular to the midpoint of the sacral plate; (c) line
between the center of the femoral head and the mean
sacral point; (d) reference line of the vertical plane; (e)
reference line of the horizontal plane.
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Results
The assessment of the parameters involved in spinopelvic bal-
ance in patients with lumbar disc herniation at the L4–L5 level
indicated a mean PT of 8.06, mean SS of 36.93, and mean PI of
45 (Table 1). In turn, a mean PT of 2.1, mean SS of 38.3, and
mean PI of 61.4 was observed in patients with degenerative
spondylolisthesis at the L4–L5 level (Table 1).
After statistical analysis, the variables were compared
using Student’s t-test, which indicated that mean SS results
did not differ between groups of herniated disc and spondy-
lolisthesis. This was demonstrated with a p-value above 5%
(p = 0.483). In turn, mean PI and PT variables presented sta-
tistically signiﬁcant differences between groups, both with
signiﬁcance levels lower than 5% (p = 0.000 for both).
Discussion
Proper spinopelvic balance allows the individual to remain
upright in a stable manner with a minimum of muscular effort;
its imbalance causes pain and decreased quality of life.
Spinopelvic balance is determined by the association of
pelvic alignment with the lumbar spine. In this geometric
construction, the superior angle of the S1 endplate with a hor-
izontal line (sacral slope) is equal to the lower lumbar lordosis
angle. Through proﬁle radiograph, the pelvic reference points
can be identiﬁed, which contribute to determine sagittal bal-
ance, including the superior point of the S1 endplate and the
center of the femoral head. Through these points, three angles
can be determined: PI, PT, and SS. PI is the sum of PT and SS;
therefore, PI is strong determinant of the spatial orientation
of the pelvis in the standing position, i.e., the higher the PI,
the higher is PT, or SS, or both (Fig. 2). It is important to under-
stand that PI is a measure of a static structure, while PT and
SS vary according to whether the patient is in the upright or
sitting position, as they assess the angle of the sacrum/pelvis
in relation to the femoral head.10
Degenerative spondylolisthesis is deﬁned as the slippage
of the lumbar vertebra with an intact neural arch, occur-
ring mainly between L4–L5. With this sliding, the entire
trunk moves along with the changed vertebra, resulting
in clinical consequences for the patient. The association
between excess weight and a relative vertical slope of the
S1 endplate increases the chances of an anterior slip at
the L4–L5 level. Other factors also predispose mechanically
and non-pathogenically to degenerative spondylolisthesis.
These include sagittal orientation, osteoarthritis of the
Table 1 – Analysis of the means of spinopelvic balance
parameters using Student’s t-test.
Disc hernia Spondylolisthesis
Tilt 8.06 22.1
Slope 36.93 38.3
PI 45.0 61.4joints, paraspinal muscular dystrophy, and loss of ligament
strength.4
Not all patients with spondylolisthesis have the same PI
angle. Spondylolisthesis can be classiﬁed as high-grade (group
0, 1, or 2, or slip higher than 50%) and low grade (groups 3 and
4 or slip less than 50%).5,11 According to Labelle et al.,11 low-
grade spondylolisthesis is divided into three groups: type 1
(nutcracker type) with PI < 45◦; type 2 with normal PI (between
45◦ and 60◦); and type 3, with PI > 60◦ (shear type). Accord-
ing to these authors, patients with high PI and high SS have
increased shear forces in the lumbosacral junction, which
causes greater strain on joints and the shear type. Moreover,
patients with low PI and low SS may present an impact on the
posterior elements between of L5, L4, and S1 during extension,
which causes a nutcracker effect (Fig. 3).
High-grade spondylolisthesis is divided into two groups:
balanced and unbalanced pelvic positioning (Fig. 4). The bal-
anced group includes patients who present high slope and
low tilt in the orthostatic position. Patients in the unbalanced
group present, in the standing position, pelvis in retroversion
and a vertical sacrum, which corresponds to low SS and high
PT.5,10 It has been demonstrated that almost all individuals
with high vertebral slippage have a mean PI > 60◦.5
Forces generated by an increase in lumbar lordosis lead to
development and progression of spondylolisthesis. Increased
PI is associated with increased lumbar lordosis, which predis-
poses to mechanical changes of the lumbar and lumbosacral
junction and increases the risk of spondylolisthesis.2,12According to Roussouly et al.,2 patients with hyperlordosis and
hyperkyphosis have high spinopelvic balance. Therefore, they
are at greater risk for spondylolisthesis.
r e v b r a s o r t o p . 2 0 1 6
Slope
PI
Slope
PI
“Nutcracker”Shear
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rA herniated disc is represented clinically by pain known
s sciatica, which is triggered by the mechanical compression
n the nerve root caused by disc herniation. Conservative
reatment with physical therapy and medication for pain
ontrol is usually effective. Only a small percentage of these
atients require surgery. This is a multifactorial disease; the
resent article associated spinopelvic imbalance with the
mergence of this disease.1,2
An asymptomatic population with no history of orthopedic
isease was assessed in the study by Roussouly et al.,2 in 2005,
hich showed a mean PI angle of 51.9◦. In their study, Schuller
t al.4 concluded that higher PI makes the individual more
usceptible to developing degenerative spondylolisthesis, and
acilitates its progression.
Retroverted pelvisBalanced pelvis
Fig. 4 – Balanced and retroverted pelvic posture.
Source: Tibet MA.  Conceitos atuais sobre o equilíbrio sagital
e classiﬁcac¸ão da espondilólise e espondilolistese. 2014; 49
(1): 3–12.
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In the present study, patients with spondylolisthesis had a
mean PI of 61.4◦; those with disc herniation had a mean PI of
45◦. This proves that patients with higher PI have increased
risk of spondylolisthesis and those with lower PI present a
higher risk for disc herniation.
Conclusion
This article reinforced the ﬁnding that the high mean values of
PI and PT are related to the onset of degenerative spondylolis-
thesis; the study also concluded that the same angles, when
low, increase the risk for disc herniation. It was also possible
to conclude that PT and SS are inversely proportional vari-
ables. However, both variables are directly proportional to PI;
SS is a variable of low signiﬁcance between the two patholo-
gies. Therefore, only PI and PT contribute to the identiﬁcation
of risk for spondylolisthesis and herniated disc, when they are
high or low, respectively.
It can be concluded that spinopelvic imbalance is a risk fac-
tor for the emergence of herniated disc and spondylolisthesis.
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